Purpose: Haplotypes based on polymorphisms in the gene encoding 5-lipoxygenase-activating protein have been linked with susceptibility to myocardial infarction in Iceland and the United Kingdom. We sought to replicate these association findings in a large case-control sample from Germany. 
Specific allelic forms of the gene encoding 5-lipoxygenaseactivating protein (FLAP) have been linked with susceptibility to myocardial infarction (MI) and stroke. [1] [2] [3] [4] These association findings may reflect a possible relationship of the regulatory function of FLAP in the inflammatory 5-lipoxygenase pathway and the important role attributed to inflammatory processes in atherosclerotic diseases. [5] [6] [7] [8] [9] The 5-lipoxygenase cascade leads to the formation of leukotrienes, which exhibit strong proinflammatory activities in cardiovascular tissues. 9 -11 This pathway is especially active in arterial walls of patients afflicted with various lesion stages of atherosclerosis of the aorta and of coronary and carotid arteries. 10 The gene for FLAP (ALOX5AP) contains five exons and spans approximately 31 kb in the chromosome 13q12 region. 12, 13 Specific single nucleotide polymorphisms (SNPs), named SG13S100, SG13S106, SG13S114, and a four-marker haplotype of ALOX5AP, termed HapA haplotype (SG13S25-G, SG13S114-T, SG13S89-G, SG13S32-A), were found to be related to MI in a population sample from Iceland. 1 A different four-marker haplotype of ALOX5AP, termed HapB haplotype (SG13S377-A, SG13S114-A, SG13S41-A, SG13S35-G), but not the HapA haplotype, was linked with MI in a sample from the United Kingdom (UK). 1 No evidence of an association of the HapA or HapB haplotype with MI was obtained in a sample of white male physicians from the United States (US). 14 We examined whether the nine different SNPs mentioned above, nine-marker haplotypes of these SNPs, and the HapA and HapB haplotypes were associated with MI in a German population. The sample consisted of 3657 patients with MI and 1211 control individuals, all of whom were assessed with coronary angiography.
METHODS

Patients and controls
Participants were recruited from Southern Germany and examined at Deutsches Herzzentrum München or 1. Medizinische Klinik rechts der Isar der Technischen Universität München from 1993 to 2002. After catheterization, 5264 individuals were deemed eligible for inclusion in the MI or control group. Written informed consent for genetic analysis was obtained from 97.1% (n ϭ 5111) of these individuals. In no case was consent withdrawn. Blood samples assigned for DNA preparation had been collected from 95.2% (n ϭ 4868) of the individuals who agreed to participate in the study. These individuals, 3657 patients with MI and 1211 controls, constituted the study population. Complete genotype data were obtained from all these patients and control individuals. The study protocol was approved by the Institutional Ethics committee and the reported investigations were in accordance with the principles of the Declaration of Helsinki. 15 
Definitions
Individuals were considered disease free and, therefore, eligible as controls when their coronary arteries were angiographically normal and when they had no history of MI, no symptoms suggestive of MI, no electrocardiographic signs of MI, and no regional wall motion abnormalities. Coronary angiography in the control individuals was performed for the evaluation of chest pain. The diagnosis of MI was established in the presence of chest pain lasting longer than 20 minutes combined with ST-segment elevation or pathologic Q waves on a surface electrocardiogram. Patients with MI had to show either an angiographically occluded infarct-related artery or regional wall motion abnormalities corresponding to the electrocardiographic infarct localization, or both. Systemic arterial hypertension was defined as a systolic blood pressure of Ն140 mm Hg and/or a diastolic blood pressure of Ն90 mm Hg, 16 on at least two separate occasions or antihypertensive treatment. Hypercholesterolemia was defined as a documented total cholesterol value Ն240 mg/dL (Ն6.2 mmol/L) or current treatment with cholesterol-lowering medication. Persons reporting regular smoking in the previous 6 months were considered as current smokers. Diabetes mellitus was defined as the presence of an active treatment with insulin or an oral antidiabetic agent; for patients on dietary treatment, documentation of an abnormal fasting blood glucose or glucose tolerance test based on the World Health Organization criteria 17 was required for establishing this diagnosis.
Genetic analysis
Genomic DNA was extracted from peripheral blood leukocytes with the QIAamp DNA Blood Kit (Qiagen, Hilden, Germany) or the High Pure PCR Template Preparation Kit (Roche Applied Science, Mannheim, Germany). We designed and used TaqMan allelic discrimination assays for genotype analysis of nine SNPs in ALOX5AP (Table 1) . Primers and probes (Table 1) were synthesized by Applied Biosystems (Darmstadt, d FAM (6-carboxy-fluorescein) or VIC (proprietary dye of Applied Biosystems) was attached to the 5= ends of the probe oligonucleotides. The sequences of the probes used for analysis of the SG13S25, SG13S377, SG13S106, and SG13S114 SNPs corresponded to the coding strand and the sequences of the probes used for analysis of the SG13S100, SG13S89, SG13S32, SG13S41, and SG13S35 SNPs corresponded to the noncoding strand; the allele-specific nucleotide in each probe sequence is underlined. SNPs, single nucleotide polymorphisms.
Germany). To accomplish allele-specific signaling, the probes contained the fluorogenic dyes 6-carboxy-fluorescein (FAM) or VIC (proprietary dye of Applied Biosystems). Minor groove binder groups were conjugated with the 3= ends of the oligonucleotides to facilitate formation of stable duplexes between the probes and their single-stranded DNA targets. 18 Approximately 20% of the DNA samples were retyped with each TaqMan system to control for correct sample handling and data acquisition. The results of these repeat assays were in full agreement with the original genotyping results. Analyses of PCR products with allele-discriminating restriction enzymes and/or DNA sequencing were used to verify the accuracy of TaqMan genotyping. We employed the restriction enzymes BglI (SG13S25 SNP), HaeIII (SG13S377 SNP), NsbI (SG13S100 SNP), SatI (SG13S106 SNP), TasI (SG13S114 Thus the probability of genotyping errors due to possible further sequence variations was relatively low. Clinicians responsible for diagnosis were not aware of the genetic data. All genetic analyses were blinded.
Statistical analysis
The analysis consisted of comparisons of genotype, allele, and haplotype frequencies between the control group and the group of patients with MI. Because stronger associations of the HapA haplotype with MI were observed in men compared to women in both the Iceland and UK studies, 1 we also conducted separate analyses of SNP genotype distributions and HapA and HapB haplotype frequencies in the groups of men and women. Discrete variables are expressed as counts (%) and compared using the 2 test. Continuous variables are expressed as mean Ϯ SD and compared by means of the unpaired, two-sided t test. Haplotypes were reconstructed from genotype data with the use of the software package PHASE. 19 We tested for the independent association effect of nine-marker haplotypes in multiple logistic regression models of MI that included as covariates age, gender, history of arterial hypertension, history of hypercholesterolemia, current cigarette smoking, and diabetes mellitus. Adjusted odds ratios and 95% Wald confidence intervals were calculated based on these models. Statistical significance was set at P Ͻ 0.05.
RESULTS
The main baseline characteristics of the control group (n ϭ 1211) and the group of patients with MI (n ϭ 3657) are shown in Table 2 . Mean age of the MI patients was higher than that of the control group; the proportion of women was lower in the patient group than in the control group; and history of arterial hypertension and hypercholesterolemia, current cigarette smoking, and diabetes mellitus were more prevalent in the MI patient group than in the control group (P Ͻ 0.0001 for all comparisons; Table 2 ).
Genotype distributions and allele frequencies of the ALOX5AP SNPs were not significantly different between the control group and patient group (Table 3 ). Significant sex-related differences of the genotype distributions were not found (Table 4) . Figure 1 shows the linkage disequilibrium (LD) block structure defined by the nine genotyped SNPs. Strong LD was present across the ALOX5AP region (Fig. 1) . Frequencies of the HapA (SG13S25-G, SG13S114-T, SG13S89-G, SG13S32-A) and HapB (SG13S377-A, SG13S114-A, SG13S41-A, SG13S35-G) haplotypes were not substantially different between the control group and the patient group (Table 5 ). Risk estimates were 1.10 (95% CI: 0.96 -1.25) for the HapA haplotype and 0.94 (95% CI: 0.79 -1.12) for the HapB haplotype. Haplotypes defined by nine SNPs were not present at significantly different proportions among the control individuals and patients, with the exception of the Hap5 haplotype, which showed a moderately higher frequency in the control group than in the patient group (Table 6 ).
The frequencies of the HapA, HapB, and nine-marker haplotypes were not significantly different between the women of the control and MI groups and between the men of the two groups. In addition, we did not observe significant differences in age or sex between the carriers and noncarriers of specific haplotypes in the control group.
To assess whether independent associations existed between nine-marker haplotypes and MI, we performed a multivariate logistic regression analysis. After adjustments were made for conventional cardiovascular risk markers (age, gender, history of arterial hypertension, history of hypercholesterolemia, cur- Haplotype frequencies are presented as number (%). The HapA haplotype is defined by the alleles SG13S25-G, SG13S114-T, SG13S89-G, and SG13S32-A, and the HapB haplotype is defined by the alleles SG13S377-A, SG13S114-A, SG13S41-A, and SG13S35-G (Helgadottir et al. 1 ). MI, myocardial infarction. Fig. 1 . Genetic diversity at the ALOX5AP genomic region located in the long arm of chromosome 13 (band q12). The exon-intron structure was adapted from sequence data deposited in the NCBI nucleotide database (http://www.ncbi.nlm.nih.gov/entrez/) under accession number AL512642, version of May 18, 2005 . The values within squares show the pairwise correlations between single nucleotide polymorphisms (SNPs) (measured as D=) defined at the top left and top right sides of the squares. Squares without a number indicate D= ϭ 1.00. SNP designations: AP1 ϭ SG13S25, AP2 ϭ SG13S377, AP3 ϭ SG13S100, AP4 ϭ SG13S106, AP5 ϭ SG13S114, AP6 ϭ SG13S89, AP7 ϭ SG13S32, AP8 ϭ SG13S41, AP9 ϭ SG13S35. Haplotype frequencies are presented as number (%). Shown are results obtained from the five most frequent nine-marker haplotypes and the combined other nine-marker haplotypes. Each haplotype is defined as a specific allele combination based on nine single nucleotide polymorphisms (SNPs) in ALOX5AP. The order of the SNPs is as follows (from left to right): SG13S25, SG13S377, SG13S100, SG13S106, SG13S114, SG13S89, SG13S32, SG13S41, SG13S35. Overall P ϭ 0.12. See Table 1 and Figure 1 for the locations of the SNPs in the ALOX5AP genomic region. MI, myocardial infarction.
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rent cigarette smoking, diabetes mellitus), the analysis showed that none of the five most frequent nine-marker haplotypes, including the Hap5 haplotype, or the combined other haplotypes were significantly related with MI (P Ն 0.38).
DISCUSSION
The present data show that specific SNPs in ALOX5AP are not associated with MI in a large German population. Analyses in women and men did not reveal sex-specific relationships between the SNPs and MI. Specific four-marker haplotypes, the HapA and HapB haplotypes, and nine-marker haplotypes were not associated with MI. Most SNPs were in strong LD and the LD block structure was similar to those in other white populations. 4, 14 Three of the nine SNPs examined here, the SG13S100, SG13S106, and SG13S114, were found to be significantly associated with MI in a population from Iceland that consisted of 779 unrelated patients with MI and 624 population-based control individuals. 1 However, significant associations between these SNPs and MI were not observed when adjustments were made for the number of markers tested. 1 None of the three SNPs was associated with MI in the present population. The HapA haplotype was associated with a twofold greater risk of MI in the Icelandic population (nominal P ϭ 0.0000023; adjusted P ϭ 0.005) but not in a sample from the UK (753 patients with MI and 730 control individuals). 1 In the same UK population, the HapB haplotype was associated with MI (nominal P ϭ 0.00037; adjusted P ϭ 0.046). 1 The control subjects had some indication for coronary angiography, and, therefore, they did not constitute a typical sample of healthy controls. We compared the frequencies of the HapA haplotype and the SNP alleles that define the HapA haplotype between the present control sample and an independent control group that consisted of 736 unrelated individuals from the KORAS2000 sample, a representative local population sample from southern Germany. 4 In the present control group and the control group from the KORAS2000 sample, 4 the frequencies of the HapA haplotype were 14.8% versus 15.2% (P ϭ 0.74) and the frequencies of the SG13S25-G, SG13S114-T, SG13S89-G, and SG13S32-A alleles were 89.3% vs. 90.1% (P ϭ 0.42), 65.5% vs. 65.0% (P ϭ 0.77), 95.0% vs. 96.0% (P ϭ 0.15), and 50.5% vs. 49.7% (P ϭ 0.62), respectively. Thus, with regard to the frequencies of the HapA haplotype and the alleles that constitute the HapA haplotype, the present control group is not substantially different from an established population-based sample. We inferred from this finding that the control sample with coronary angiography was suitable for the genetic association study described here. Measures of inflammation were not examined, which is a limitation of the current study.
Relationships of ALOX5AP SNPs and haplotypes with MI and ischemic stroke were evaluated in a nested case-control study within the Physicians' Health Study cohort that comprised predominantly white (Ͼ94%) male US physicians. 14, 20 Investigation of 341 MI case-control pairs did not provide evidence of an association of any of the tested SNPs or the HapA or HapB haplotype with MI. 14 Genotype distributions and frequencies of SNP alleles and the HapA and HapB haplotypes in the case and control groups of the US sample 14 corresponded well with those of the present German sample.
Similar to results obtained in Germans (this study) and US physicians, 14 the SNPs that define the HapA and HapB haplotypes were not associated with MI in a Japanese population that included 353 patients with MI and 1875 control individuals. 2 A meaningful association analysis of the HapA and HapB haplotypes was not possible in the sample from Japan because, with some of the SNPs, minor alleles were either absent or extremely rare. 2 Two-marker ALOX5AP haplotypes not related to the HapA and HapB haplotypes were associated with MI in the Japanese sample. 2 Studies conducted with samples of white individuals provided heterogeneous results about the relationship of the HapA and HapB haplotypes with MI ( Table 7) . Association of the HapA haplotype with MI was observed in a study sample from Iceland, but this finding was not replicated in samples from Germany (present study), the UK, and the US. 1, 14 A relationship of the HapB haplotype with MI was found in a study sample from the UK, but this result was not confirmed in samples from Germany (present study) and the US. 1, 14 Heterogeneities of genetic and environmental factors across the source populations are unlikely to account for the inconsistencies. Genetic markers for proposed gene-disease associations may vary in frequency between populations, but there is empirical evidence that their biological impact on the risk of common diseases is usually consistent even across ethnic boundaries. 21 Consistent replication of genetic associations has been difficult to achieve, despite the biological plausibility of these associations. 22 In this context, the present findings argue against association of defined SNPs and haplotypes of ALOX5AP with MI.
